Introduction
The accession countries to the euro area are increasingly binding their economic activity, external and internal, to the euro area countries. One aspect of this phenomenon concerns the currency invoicing of international trade transactions. There has been a substantial shift away from the use of the U.S. dollar by accession countries in international trade transactions. In this paper, I explore the theoretical drivers of optimal invoicing choices for exporters, highlighting the importance of the composition of goods in exports and imports, and the partner composition of these forms of trade. I explore whether accession country exporters, by invoicing in euros and thus closely aligning their trade with that of the rest of the euro area, are pursuing economically appropriate strategies. Perhaps some of the accession country export transactions are not as well suited to euro invoicing, leading producers with overly high euro shares in pricing to expose themselves to excessive risk in international markets.
The analysis draws on lessons from the theoretical model of Goldberg and Tille (2005) , which presents the determinants of the relative importance of hedging motives and herding motives in currency invoicing (and exchange rate pass through) choices by exporters. This model motivates an empirical application to the accession countries. The model shows the role of macroeconomic volatility and industry composition in exporter pricing strategies, demonstrating that optimal currency invoicing strategies consist of a mix of hedging considerations and herding. Macroeconomic volatility considerations have been emphasized in a range of papers, from Giovannini (1988) through recent contributions by Devereux, Engel, and Storegaard (2004) , Oi, Otani, and Shirota (2004) , and Engel (2005) . By introducing an explicit role for elasticities of substitution in demand and decreasing returns to scale in pricing, Bacchetta and van Wincoop (2005) and Goldberg and Tille (2005) [GT] show that macroeconomic volatility may mainly play a role in pricing and currency invoicing decisions for producers of differentiated products.
1 Instead, they stress that industry structure, emphasized early on by McKinnon (1979) , is the key determinant of how much herding occurs in pricing and currency invoicing decisions. Producers in highly competitive industries, and producers facing a high degree of decreasing returns to scale in production, may optimally mimic the pricing strategies of their competitors in markets in which their goods are sold. This leads to herding in invoice currency selection, while not explicitly seeking to identify which currencies will be used in such herding. Various strategies have been offered elsewhere to pin down the equilibrium choice of herding currency. One example is through introducing "network externalities" in foreign exchange markets interacting with transaction costs in securities markets, as in Portes and Rey (1998) . Using reasonable ranges of parameters, GT show that this herding activity could be much more important in decision making than the influence of hedging and macroeconomic volatility. These considerations are applied to the trade transactions of 11 countries aspiring to join the euro area: Bulgaria, Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, and Slovenia. A simple picture drawn from GT motivates the focus of the paper, which explores the extent to which accession country exporters use dollars, euros, or other currencies in invoicing their international trade transactions. Using mostly data for 2002, GT compared the actual share of dollar use in invoicing country exports to what might be "expected" purely on the basis of trade with the United States and the composition of country trade. The pattern of this relationship for a broad sample of countries is shown in Figure 1 . Figure 1 works with the assumption that all exports to the United States and all exports of "referenced priced" and "organized-exchange" traded goods ("RW goods") to other countries are invoiced in dollars, the standard currency for pricing most of these transactions. If this assumption were true, a country would have its observations lie along the 45 degree line in this figure. Observe that many of the accession countries have invoicing patterns above the 45 degree line, suggesting that they have fewer exports invoiced in dollars compared with what would be predicted by this simple metric. Estonia, Slovenia, Slovakia, Hungary, and the Czech Republic all fit this description. The exception 
Figure 1
Vehicle currency use of the dollar and "commodity" type exports is Latvia which, like Greece, had considerably more use of dollars in invoicing exports than expected purely on the basis of Latvia's trade with the United States and exports of highly substitutable goods. What are the consequences of exporters making invoice currency choices that are inappropriate, given observed industry features and the volatility of macroeconomic conditions? These choices would lead to lower expected profits and more volatile profits than are optimal. As a hypothetical, consider the case of an accession country exporter invoicing in euros while competitors in euro area countries or in the United States are invoicing in dollars. Suppose as well that there is a high degree of product substitutability between the exporter's goods and its competitors' goods. With fluctuations in exchange rates, the exporter's relative price will vary ex post, even if ex ante the common currency expected prices of the goods were identical.
An unanticipated dollar appreciation against the euro would lead the exporter to experience a sharp increase in demand for its goods. Given decreasing returns to scale, the exporter would also have an increase in his marginal costs. The net effect on expected profitability will depend on the elasticities of substitution, the returns to scale in his production function, and a mix of covariances between the revenue and cost conditions he faces. In the reverse case of an unexpected dollar depreciation against the euro, the exporter's goods are ex post excessively expensive, leading to substitution away from his products.
This example shows that, even in cases where accession country exporters are overwhelmingly trading with euro area countries, dollars may still be more appropriate for invoicing trade with the euro area for those goods on which dollars are vehicle currencies for pricing. Indeed, exporters in euro area countries use dollars for invoicing similar products even on trade transactions within the euro area, as recently discussed by the European Central Bank (ECB 2005) .
Below, to explore these questions for the accession countries I start with the model of Goldberg and Tille (2005) . After briefly presenting the theoretical motivation (section 2), I present empirical detail on the direction of trade of accession countries with respect to euro area countries, the rest of the European Union, the United States markets, and other "dollar bloc" countries, followed by detail on the product composition of accession country exports and imports. For this work the Rauch (1999) indices, constructed to highlight the role of types of networks used in goods market transactions, are applied to detailed accession country export and import data. This application produces shares of goods in trade that are best described as differentiated, referenced priced, or priced in and traded on organized exchanges. Organized exchange trade goods, such as commodities, are assumed to be highly substitutable and the theory predicts that producers of such goods should herd in their invoicing choices. In practice, the dollar typically has been the currency used in such herding, at least in post war transactions. Conceptually, as long as this remains the case, the share of these types of goods in exports is treated as a lower bound on dollar invoicing. The paper's focus next turns to the second consideration: the role of hedging in optimal invoicing decisions by exporters. The theory predicts that optimal hedges should cover expected shocks to producer marginal costs. In other words, for stable expected profits, a producer should invoice in a currency that yields positive revenue shocks at the same time that the producer faces high marginal costs, either because wages fluctuate or because aggregate demand fluctuates in an environment of non-constant returns to scale. An invoice currency should be selected for hedging purposes if it provides the highest covariance between an exchange rate (on the producer export revenue) and mar-ginal costs, so that it helps limit demand for a product at precisely the time when marginal costs of production are high. Thus, revenue will be high just at the times that marginal costs are high. For each country, we explore whether the dollar or the euro better suits this objective in export transactions to the United States, to the euro area, or to the rest of the European Union.
A number of interesting observations are generated based on this analysis. First, there is considerable cross-country heterogeneity in the portion of exports invoiced in dollars versus in euros. On average, in 2000 to 2002 more than half of the exports of accession countries were invoiced in euros, while the average share of exports invoiced in dollars was closer to 25 percent. Euro use has been increasing, with some of this euro gain matched by declines in dollar use in export invoicing. Indeed, dollar use as an invoicing currency has declined even for some countries that initially had surprisingly low use of dollars. On accession country exports to countries other than the United States and the euro area, euro invoicing is roughly 37 percent, a lower share than observed for euro area countries.
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The United States is not a major export destination for the goods of most accession countries, typically receiving less than 5 percent of these exports. Most of the accession country exports go to the euro area and the rest of Europe. Between 60 and 85 percent of the total exports of accession countries are characterized as differentiated products. While the remaining exports are often in reference priced goods, for example paper, some countries also export substantial amounts of organized exchange traded goods like copper and aluminum. Much of the latter types of exports have dollar pricing worldwide. Controlling both for the structure of partners in trade and the composition of traded goods products, some accession countries use euros more heavily and use dollars less frequently in invoicing than do euro area countries.
Examination of the optimal currencies in invoicing for hedging purposes also yields interesting conclusions for accession country exports to the United States, the euro area, the rest of the European Union, and Asia. The covariance analysis for this work compares the desirability of invoicing in euros versus dollars in exports to each destination market. In most cases, neither the dollar nor the euro are appropriate choices for hedging the demand and marginal cost risks to profits from exporter perspectives. Lithuania significantly favored the dollar as a hedging currency prior to 2000, but this relationship then disappeared. Since 2000, neither the dollar nor euro was theoretically a strong hedge, except in the limited case of Hungarian exports to Asia, which would have favored the euro. Based on hedging motives, exporters in accession countries should be indifferent to the euro or dollar as an invoice currency choice on their exports to Europe, the United States, and Asia.
Overall, if the dollar is the key vehicle currency for many countries on reference priced and exchange traded goods, our results suggest that some accession countries may have moved further toward the euro in trade invoicing than is potentially optimal. This argument relies on an assumption that the dollar has retained a central role as a vehicle currency in the goods that are reference priced and traded on organized exchanges. The validity of this assumption, and its relation to exchange rate regimes, is discussed in the concluding remarks of section 4.
A Three-Country / Three Currency Model of Invoice Currencies
The theoretical exposition closely follows the model of Goldberg and Tille (2005) [GT] on currency choice for trade invoicing. As exposited above, GT develop the interaction between industry features and macroeconomic variability in a new open-economy macro model with three countries and price rigidities, building on both Devereux, Engel, and Storegaard [DES] (2004) and Bacchetta and van Wincoop (2005) . While GT do not derive a general equilibrium version of the DES model, they extend the existing theory of invoice currency selection in several critical dimensions. First, GT move from the DES two-country / twocurrency world to a three-country / three-currency one, allowing for invoicing in a vehicle currency that belongs neither to the exporter nor the importer home market. Second, GT develop the contrasting roles in optimal invoice currency selection of industry characteristics, such as the substitutability between competitors' goods, and macro-economic factors, such as business cycle and exchange rate volatility. The firm's incentive to limit the fluctuations of its relative price by choosing a trade invoicing strategy close to that of its competitors leads to a type of "herding" behavior in invoice currency choices for the exporters of relatively homogeneous products. This feature is also emphasized in Bacchetta and van Wincoop (2005) . Third, GT introduce decreasing returns to scale in production, so that increases in output increase marginal costs even when wages are not responsive.
Overall, GT conclude that macroeconomic variability is an important consideration in optimal invoicing only for trade in differentiated products. The degree of macroeconomic volatility needed to disturb an invoicing status quo for trade in more homogeneous products would need to be exceptionally large. The theoretical prediction is that-even within a country where all economic agents face the same degree of macroeconomic volatility-different producers will make different invoice currency choices. Moreover, an exporter with two distinct trading partners is more likely to use distinct currencies on invoicing his exports to these distinct partners when his production is in differentiated goods and when he faces lower levels of decreasing returns to scale in production.
The Model Set-up
Before turning to the empirical implementation for accession countries, this section presents an abridged version of GT. An exporting firm is assumed to have to post a price for its goods before knowing the realization of various shocks affecting the economy. The exporter is located in country e, produces a brand z, and sells her goods to the destination country d. Goods are produced using a technology with decreasing returns to scale:
where Y ed {z) is the output of z, H ed (z) is the labor input, and a is the returns to scale parameter. The firm faces the following demand in destination country d:
where C, is the total demand for brands of the relevant sector in couna try d, P ed (z) is the price, in country d currency, of the brand z produced in country e, and P d is the price index, in country d currency, across all brands of the relevant sector sold in country d. X > 1 is the elasticity of substitution between the various brands. According to (2), the demand for a specific brand depends on its price, relative to the prices of other brands in the sector, and on the strength of overall demand in the destination market. The exporter producing brand z sets its price in currency k, P k ed (z), before the realization of the shocks affecting the economy. The currency of invoicing can be the currency of the country in which the exporter is located (k -e), the currency of the country of destination (k = d), a third vehicle currency (k -v), or a combination of these three currencies. The exporter's price is set in currency k to maximize expected profits represented by (3):
where S ek is the exchange rate between currency e and currency k, in terms of units of currency e per unit of currency k so that an increase corresponds to a depreciation of currency e. D e is the state-specific discount factor at which profits are evaluated, and W, is the nominal wage. With its price set in currency k, the unit revenue for the exporter in currency e is S ek P k ed (z) . Similarly, the price in currency d paid by consumers in the destination country is [S ed \~lS ei P k ed {z).
Optimal Invoice Currency Selection
Maximized profits are obtained through the exporter choice of the currency k in which her goods are invoiced. In making this selection, the exporter regards all the other variables in (3), such as the destination market demand, exporter wages, aggregate prices in the destination market and the bilateral exchange rate as exogenous to her invoicing decision, with lower case variables denoting log deviations from the steady state (x = In X -In X ss ). Without constraining the exporter to invoice entirely in any currency e, d, or v, the invoicing decision is a choice of weights of the three available currencies in the invoicing currency basket k. Specifically, the weights of currencies d and v in the invoicing of exports to country d are fi The sensitivity of p d , the relative price between brand z and the competing brands, to exchange rate movements plays a central role in the invoice currency choice. Some brands are invoiced in currency d, so the price paid by the consumers for these brands is unaffected by exchange rate movements. Other brands are invoiced in currency e, and the consumer price in currency d moves with the exchange rate between the two currencies, s ed , with consumer paying a higher price when currency e appreciates (i.e., s ed < 0). A final set of brands are invoiced in currency v, so the price paid by consumers is higher when currency v appreciates (i.e., s ed -s m < 0). We denote the total share of competing brands invoiced in currency d by rf d , and the shares invoiced in currency e and v by rf d and r\ v d respectively. In this case, the exporter's relative price of the good sold in the destination market becomes:
Expression (4) ] interval and given the structure of demand and costs shocks to which the exporter is subjected. GT show that the optimal invoicing basket solution for the case where an exporter is selling only to one destination market is:
where:
The term m ed entering into equations (5)- (7) is a covariance reflecting the influence of exogenous factors, for example exporter wages, productive inputs, and destination market aggregate demand, on the firm's marginal cost. Because of decreasing returns to scale, a 1 percent increase in demand requires al/a percent increase in the labor input, hence a 1/or percent increase in cost, holding the wage constant. The increase in demand also leads to a 1 percent increase in revenue, holding the price constant. The net increase in the marginal cost is then l-l/a=(l-a)/l percent. The terms p(m ed ,sj and p{m ed ,sj in (5)- (7) are regression coefficients that capture the covariances between marginal cost, m eA , and the exchange rates s ed and s ev .
Components of Optimal Invoicing
While invoicing in the exporter's currency has the advantage of fully stabilizing the exporter's marginal revenue, this full stabilization {fi e d = 1) is not necessarily an optimal choice for two reasons shown in equations (5)- (7). The first reason reflects a "herding" motive, captured by the terms Qrj The second motive for a producer to move away from PCP is due to "hedging," as captured by the terms (1 -Q)p{m ed ,s ed ) and (1 -Q)p(m ed ,sJ. These terms measure the potential for an exporter to have an invoicing strategy that helps profits by limiting the impact of fluctuations in marginal costs on her profits. If she invoices in the destination currency, d, a depreciation of her currency vis-a-vis the destination currency (s ed > 0) increases unit revenue, in her own currency. If depreciations of this exchange rate tend to be correlated periods of increases in marginal costs, i.e., p(m ed ,s ed ) > 0, invoicing in the destination currency induces a positive correlation between marginal revenue and marginal costs, reducing some of the volatility in profits. A similar logic applies to the vehicle currency. Indeed, if we were to consider alternative vehicle currencies for use in an export transaction, the model implies that the hedging portion of the invoicing decision should favor the currency (i.e., the bilateral exchange rate) that is significantly and most positively correlated with the shocks to exporter costs, regardless of whether these arise through prices of imported inputs, local currency wages, or fluctuations in aggregate destination market demand.
The balance of influence on the herding dimension versus the hedging dimension in (5)- (7) is given by the term £1, which solely reflects the structural parameters of the model, namely the elasticity of substitution between goods, A, and the degree of returns to scale, a. The herding dimension is more pronounced (Q is large) in industries where goods are more substitutable (A is large), since movements in relative prices then leads to large fluctuations in quantities sold. The effect is also stronger when the technology exhibits larger decreasing returns to scale {a is small), because fluctuations in output generate large movements in marginal cost. 4 Clearly, this theoretical exposition argues that optimal invoicing has both country-specific and industry-specific considerations. The country-specific macroeconomic correlations mainly apply to the exporters of highly differentiated products. By contrast, exporters in industries producing a more homogenous good (i.e., goods that are more substitutable with those of their competition) would optimize by following industry practices and invoicing in a basket of currencies close to that of their competitors. 
Invoicing Trade for Accession Countries
A recent ECB report 6 provides data on euro invoicing of imports and exports for eight euro zone countries (Belgium, France, Germany, Greece, Italy, Luxembourg, Portugal, and Spain), all ten newly accepted countries to the European Union (Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, and Slovenia), and Bulgaria, a European Union candidate country. In the analysis below, Bulgaria is included with the "euro area accession countries," misusing the terminology for brevity purposes.
The ECB data run from 2000 to 2003, with less complete coverage across countries in the early years. The data from the ECB report are supplemented with data on euro, dollar, and local country invoicing gathered from individual country sources, as detailed in the appendix tables of Goldberg and Tille (2005) . The accession country data are presented in Table 1 , with the top panel providing broad details for 2000, and the lower panel providing details for 2002, the last year for which dollar invoicing data are widely available.
Accession countries invoice their imports and exports largely in euros, with an average euro share well over 50 percent in 2002. However, the cross-country variation in the role of the euro in export invoicing is large, ranging from below 25 percent for Cyprus and Lithuania to over 60 percent for the Czech Republic, Estonia, Hungary, Poland, Slovakia, and Slovenia. With the exception of Cyprus, the data indicate a significantly smaller share of exports and imports invoiced in U.S. dollars. Most accession countries do not report local currency invoicing shares. The two countries that do, the Czech Republic and Latvia, (2001, 2003, 2005) and individual country sources (details in Appendix Table 2 ).
report home currency shares for imports and exports at or below 10 percent. Since the sum of euro and dollar are closer to 80 percent than 100 percent for some countries (e.g., Cyprus, Czech Republic, Estonia, Latvia), it is evident that currencies other than the dollar and euro still play a role in invoicing trade. Among these countries, only a few have invoicing data published both for 2000 and 2002 , thereby providing only a limited perspective on how invoicing patterns are changing over time. The available data are consistent with the euro growing in its role as the currency used in invoicing both export and import transactions. This pattern is shown in Figure 2 , where the left most bars indicate the increase in average annual euro use in invoicing the exports of the accession countries for which we have 2000 and 2002 data. To provide perspective on these developments, in the right-most bars I introduce comparable information for the euro area countries.
7 Among the three accession countries reported, the biggest increase in euro share over 2000 through 2002 is for Bulgaria, at almost 8 percent annually, followed by Latvia at 6 percent, and the Czech Republic at under 4 percent. The increase in euro use on export invoicing by euro area countries has been within a similar range over this time frame, again with variation across countries. Referring back to Figure 1 , only Greece and Latvia had an increase in euro use in invoicing that might be expected based on the prior "unexplained" large vehicle role of the dollar in its exports.
8 Figure 3 shows the extent to which increasing uses of euros in export invoicing came through reduction in the use of U.S. dollars for these purposes. For those countries for which relevant information is available, there has been both an (average annual) increase in the euro and an (average annual) decline in the dollar in export invoicing. Among the three accession countries for which there is appropriate data, euro gains Table 1 .
The data cover all exports for accession countries and Italy; otherwise, extra euro area exports.
Source: Author's calculations using data from the ECB report and local country sources (details in appendix).
Figure 2
Average annual rise in euro invoicing of exports, [2000] [2001] [2002] Source: Author's calculations using data from the ECB report and local country sources (details in appendix).
Figure 3
Average annual rise in euro invoicing and fall in dollar invoicing of exports, [2000] [2001] [2002] have roughly matched dollar declines for Bulgaria and Latvia. For the Czech Republic, where dollar share in invoicing started low, increased euro use came through reduced use of other currencies. The experience among the euro area countries has also been mixed. For Greece, Spain and Italy, most of the increase in euro use came in parallel to reduced use of dollars. This was not the case for France, and was only partially the case for Portugal. These changes in invoicing patterns may be consistent with a number of complementary hypotheses. First, there may be an increased prominence of the euro area and rest of Europe, or a decline in the United States or dollar bloc countries, as a destination for exports. Second, the increase in euro use and related decline in dollar use may be because accession countries have reduced the share of commodity type goods in their exports. Third, these changes may be driven by producer optimization under changing covariance structures in macroeconomic fluctuations. Alternatively, there may have been a switch in market invoicing behavior from use of dollars to use of euros on the same products, with the same partners.
9 This change in behavior might occur because of a change over time in macroeconomic correlations, highlighted in equations (5)- (7), with such changes possibly induced by shifts in exchange rate regimes. The analysis below addresses these hypotheses and provides perspective on whether accession countries are invoicing as predicted by the theory and implied exporter optimization, or are potentially exposing themselves to profits that are excessively volatile and lower than expected.
Destinations for Accession Country Exports
Did euro use increase in accession country trade because of increasingly close trade relationships with countries tied to the euro? Figure  4 provides data on euro share in invoicing exports versus euro area share in total accession country exports for the years 2000 (indicated with lighter points) and 2003 (darker points). If all euro area trade was invoiced in euros, and only euro area trade was invoiced in euros, the data points of this chart would lie along the 45 degree line.
The proximity of the three country-data points for 2000 to the 45 degree line indicate that initial use of euros in invoicing roughly matched shares of the euro zone countries in exports for accession countries in Export invoicing in euros versus exports to the euro zone, 2000 and 2003 100 exports. All accession countries, with the single exception of Lithuania, had euros play a larger role in export invoicing than would be expected purely due to trade with countries within the euro area (ignoring, at this point, the issue of the composition of trade, which should reduce euro use even within the area to the extent that other currencies are used in invoicing homogeneous commodities and goods). As reflected in distance from the 45 percent line, chart 4 shows that measured increases in euro invoicing between 2000 and 2003 well exceeded the mild increases observed in accession country exports to the euro area. Another potential explanation is that accession country exporters are increasingly using euros to invoice exports to countries outside of the euro zone, for example to the rest of the European Union or to countries tied to the euro through exchange rate arrangements. Some of this change may be attributable to changes in the exchange rate or currency orientation of trade-partner countries. Such changes might induce changes in the structure of covariances entering the invoice currency selection criteria, or might even induce shifts in the herding currency equilibria for a particular type of good. Within these partner countries, a key related question is whether the competitors to accession country exporters are largely invoicing in euros or, for example, dollars.
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Tables 2A and 2B provide details on the concentration of accession country trade with European markets, the United States, and other countries heavily using the euro or the dollar. Table 2A shows that in 2003, the euro area accounts for between one-quarter and 60 percent of accession exports. Other "euro bloc" countries are not big export destinations. Much more influential are exports to the rest of the countries in the European Union but outside the euro area. Malta is a consistent outlier, but otherwise these countries collectively account for close to three-quarters of accession exports. Table 2B shows that accession countries export much less to the United States and other countries with exchange regimes tied to the dollar, both in East Asia 12 and other regions. 13 The United States purchases less than 5 percent of euro area exports of goods, except for Malta and Latvia. Accession countries also have low direct export links with other dollar bloc countries. Available data does not differentiate invoicing patterns as accession country exports to the euro area versus exports to other Europe and euro-bloc countries. Speculatively, given the dominance of trade with the rest of Europe in accession exports, these might also be the markets where accession countries are invoicing in euros. Consider the following hypothetical invoicing. Suppose that 100 percent of accession country trade with the euro area is invoiced in euros (an overstatement given the composition of this trade across differentiated versus homogeneous and commodity-type goods) and 100 percent of accession country trade with the United States is invoiced in dollars. The implied use of euros on accession country exports to other countries are shown in Figure 5 , with these residual exports primarily directed at the rest of Europe. 14 These computations imply that euro invoicing occurs on an average of 37 percent of accession exports to countries outside of the euro area and the United States. The variation across countries is large. Lithuania has zero implied euro invoicing on transactions outside the euro area, while Hungary and Slovenia have euro invoicing have shares exceeding 70 percent on export transactions directed outside the United States and euro area.
Such statistics can be compared with invoicing patterns of countries already within the euro area, where the euro serves as the producer currency as well as a potential vehicle currency elsewhere. Starting 100.00
0.00

Accession
Euro Zone * With Accession country shares estimated assuming that 100% of exports to the euro zone are invoiced in euros and 100% of exports to the U.S. are invoiced in dollars. Slovakia data for 2002. Lithuania adjusted to zero from an estimated share of-7.4%.
Figure 5
Euro invoicing share in exports to countries other than the euro zone and United States, 2003* with data on extra-euro area trade, euros are used in invoicing approximately 50 percent of extra euro-area exports. Under the assumption that trade with the United States is exclusively in dollars, the computation implies that euros are used in invoicing nearly 60 percent of the remaining exports. The range is from a low of 30 percent for Greece to about 75 percent for Germany.
The Composition of Accession Country Exports
The previous section focused exclusively on destination markets, without taking into account the composition of trade. Recall that the theoretical model predicts a dominant role of herding in invoice currency choice for producers whose goods face high elasticities of substitution in export markets. To highlight this point, this section categorizes accession country exports according to whether they are differentiated "N" (as are many manufactured goods), have uniform prices referenced in industry periodicals "R" (used for uniform goods not widely traded enough to have a world market, such as paper), or are considered Walrasian "W," which are homogeneous goods, mainly commodities such as ore with world market prices, typically quoted in a single currency and traded on organized exchanges. Box 1 presents examples of Walrasian and reference priced goods, with specific reference to exports of accession countries. For this construction of export composition shares, I use Rauch (1999) indices, which classify industries into N, R, or W groups, and apply these indices to sort country-specific 4-digit SITC data on exports for each accession country. accounted for some of the decline in dollar use in invoicing exports of accession countries, R+W goods still represent a large portion of accession country exports. For the most part, the observed declines are too small to explain shifts away from dollars in accession country export invoicing. Recall that the evidence on invoicing changes between 2000 and 2003 was only available for Bulgaria, Czech Republic, and Latvia. Accounting for the changing share of trade with the euro area, Latvia and Bulgaria had larger increases in invoicing in euros, while the Czech Republic had relatively small changes. This pattern is not matched by R+W share declines across these three countries, where the Czech Republic had the largest change, Latvia some change, and Bulgaria very little change in composition of exports. If these R+W goods are invoiced in dollars in European markets, the model would suggest that many accession countries under-utilized dollars in invoicing exports in 2003. In some cases, the share of dollars used in invoicing total country exports is below the share of R+W goods in the export basket (Czech Republic, Estonia, Hungary, Latvia, Slovakia, Slovenia). Even though accession country exporters conduct much of their trade with other European countries, they still compete with producers from around the world, many of whom are likely invoic-ing these types of goods in dollars. The examples of pricing of copper, aluminum and paper pulp, shown in Box 1, illustrate the pervasiveness of dollar pricing on some products in these categories. If the accession country exporters are in fact invoicing less of their R+W type goods in dollars and instead invoicing these goods in euros, they may be exposing themselves to excess profit risk under circumstances of movements of the euro-dollar exchange rate.
Macroeconomic Covariances and Hedging in Export Invoicing
The theory exposition of section 2 emphasizes that specific macroeconomic covariances could impact producer pricing and invoicing, with these effects potentially economically important for producers of goods with lower elasticities of substitution. In our empirical exercise, these goods are classified and interpreted as the "N" goods, i.e., the ones that are differentiated products mostly found within manufacturing. From equations (5) to (7), the key hedging terms are the covariances between the alternative exchange rates for the exporter currency and
1-a eded
Recall that w e is the quarter-to-quarter percent change in an index of production costs, a is a parameter indicating the degree of diminishing returns to scale in production, and c d captures the business cycle conditions of the destination market. The herding role in invoicing exports is given by the term (1 -Q)p(m ed , s ed ) for the destination market currency, and by (1 -Q)p(ra erf , s ev ) for a vehicle currency on transactions with the destination market d.
We derive values for zv e , c d , m gd using data spanning the period 1980Ql-2005:Q3 and primarily drawn from Eurostat and the International Financial Statistics (IMF). 16 We confine our analysis to a discussion of the dollar and the euro as currency alternatives, and to the United States, the euro area, the rest of Europe, and Asia as destination markets. For each accession country exporter, wages w e are quarter-toquarter percent changes in nominal data. 17 Exchange rates are nominal and bilateral between each accession country currency and either the euro or the U.S. dollar. Exporter wages are the proxy for marginal costs, thereby excluding by construction consideration of correlations that might arise through the costs of imported inputs into production. To the extent that these imported inputs are commodities, the analysis will likely understate the correlation between a true w e and s ev , where the dollar is the vehicle currency. Alternatively, if some production inputs are imported from euro area countries and euro priced, the covariance between accession marginal costs and euro exchange rates may be understated.
Four destination markets d for accession country exports are introduced: the euro area, the non-euro area European Union, the United States, and Asia.
18 Destination market demand conditions, c d , are constructed as quarter-to-quarter percent changes in real consumption expenditure for each of the four destination markets. 19 Thus, for each country, four values of m gd are constructed, each corresponding to the relevant destination market and each construction assuming a value for a equal to 0.65. 20 Each series m ed is then regressed against the accession country exchange rates with respect to the dollar and the euro, the two s ev alternatives, according to the following regression: where the exchange rate terms are in quarter-to-quarter percent changes and e t is a regression residual. According to the theory, a larger correlation with a specific currency will make that currency a better internal profit hedge and more appealing in international trade transactions with a particular destination market. It is possible that currency choices based on hedging motives evolve over time, as the economic correlations evolve. For example, correlations may change as the accession countries draw closer to the euro area in international trade activity, economic policy, and exchange rate regime arrangements. To capture the possibility of changes over time in the attractiveness of the dollar versus the euro as invoicing currencies for smoothing exporter profits, we examine econometrically whether estimated a 2 and a 3 have changed over time. For this analysis a variable dummy is defined as equal to 1 during and after 2000 and zero otherwise and is interacted with the exchange rate terms in the regression given by (9). Table 4 regressions have quarterly data, but the number of observations used is limited by the availability of wage data for the accession Early Period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) Table 4 . X The coefficients on one or both exchange rates are significant, although the difference between the two is not. Coefficients for each exchange rate are reported in Appendix Table 2 . Note: Regression coefficients on local currency per dollars versus local currency per euros. *, **, and *** denote significance at 10,5, and 1 percent levels, respectively.
countries. Since data for many countries is only available after 1992, the degrees of freedom are low: consequently, we consider the findings as indicative but not conclusive. The numerical entries in the table are the difference between estimated coefficients, a 2 minus a 3 , on the dollar and euro exchange rates with local currencies in each period. A positive and significant coefficient would indicate whether the dollar would, as an invoicing currency, provide better stabilization of profits of the accession country exporter to a specific destination. 21 A negative and significant value on a 2 minus a 3 means that the invoicing decision by an accession country exporter export transaction should favor the euro.
The results reported in Table 4 show that, in general, the regression coefficients are statistically insignificant. This result indicates that accession country exporters generally should be indifferent to the dollar or euro as invoicing currencies on these transactions. One exception is Lithuania, which has a significant dollar preference in all markets during the early, pre-2000, period and an insignificant euro hedging preference since 2000. In the later period, Latvia has significant negative correlations between m ed and both the euro and dollar exchange rates, suggesting that neither currency is a useful hedge. The difference between a 2 and a 3 favors the euro, but is insignificant. The final significant observation is Hungary's preference for the euro as a hedging currency in the later period for the Asian market only. In the other markets since 2000, Hungary also has a euro preference, but it is not significant.
As a broad pattern, the preponderance of negative coefficients (and recognizing that most of the coefficients are statistically insignificant) suggests that more accession countries have a euro preference prior to 2000 than after, but only Latvia has a euro preference in both periods. Bulgaria, the Czech Republic, Poland, and Slovakia have a euro preference early, then move to a dollar preference since 2000. Hungary and Lithuania have a dollar preference early moving to a euro preference later. Estonia and Slovenia prefer the dollar as a hedging currency throughout, with the exception of the early period in the Asian market. Cyprus and Malta have no data prior to 2000, but exhibit a dollar preference in the later period. 
The Role of Exchange Rate Regimes
The accession countries had a variety of currency arrangements since the early 1990s, the period covered by our correlation analysis. These shifting exchange rate regimes may contribute to the changing patterns of dollar and euro preferences as a hedging currency.
According to the exchange rate regime classifications of Reinhart and Rogoff (2004) and Levy Yeyati and Sturzenneger (2005) , seven of the countries we examine have been closely aligned with the euro, or earlier the DM, throughout the period we examine. These countries, Bulgaria, Cyprus, Estonia, Hungary, Malta, Slovakia, and Slovenia, tied their currencies either exclusively to the DM or euro or to a basket of currencies dominate J by the DM or euro. The Czech Republic pegged their currency to a DM-dominated basket until 1997 and has been floating since then. Poland first had a loose crawling peg to the dollar, and then to the DM and euro, and has been floating since 2000. Slovakia also began with a loose crawling peg to a DM/dollar basket, then began effectively pegging to the euro in 1999. Lithuania was the only country exclusively pegged to the dollar before switching to the euro in 2002 as part of the process of joining the euro zone. Latvia has also been primarily associated with the dollar, pegging to the SDR, a basket in which the dollar has the strongest weight, throughout the period.
In general, the countries that have experienced significant shifts in exchange rate policy between the early and late period are also the countries moved from one currency to the other as a preferred hedging currency (although these effects are typically statistically insignificant). Another reason for covariance changes could be if "other Europe," as a destination market for accession goods, had business cycles that covaried more directly with the rest of the euro area due to their increased use of the euro. Such effects could continue to be monitored over time.
Overall Empirics of Accession Country Invoicing
This final subsection pulls together the insights from the prior sections to generate suggestive conclusions on accession country export invoicing. Table 5 provides perspective on whether the use of dollars in export invoicing appears to be relatively high or low, while Table 6 provides similar intuitions concerning euro use in invoicing accession country exports.
The first data column of each table shows the observed shares of each currency in invoicing. The next columns address the "motives" for using the respective currencies in invoicing. The final column compares observed invoicing versus predictions from the theory. The second column presents the sum of reference priced and exchange-traded goods •£ % g S in a country's exports, while the third data column shows the share of the dollar bloc countries in exports. The last column pulls together the R+W, dollar bloc, and hedging considerations, and asks whether the use of dollars in a country's export invoicing is lower than what might be expected under the presumption that (1) R+W goods are priced in dollars worldwide and (2) dollars are used in invoicing (non R+W) exports to dollar bloc countries. The share of dollars in export invoicing is lower than expected for the Czech Republic, Estonia, Hungary, Latvia, Slovakia, and Slovenia. Table 6 presents similar considerations, this time addressing the question of whether the actual share of euros in accession country invoicing is higher than expected by the framework. The predicted level is the all Europe share in accession country exports. In the first prediction column, this is net of the share of goods that are reference priced and traded on organized exchanges (which embeds an the assumption that all these latter goods may be priced in dollars); in the next prediction column, the euro invoicing share is compared with the share of country exports to Europe, ignoring composition.
In three of the ten countries for which we can do a comparison, the euro share is higher than expected based on the generous assumption that the euro is used on all trade with European partners, except for products that are homogeneous (which are assumed to trade in dollars). Those countries are Estonia, Hungary, and Slovenia. These countries are not "overusing" the euro under the even more generous assumption that all trade with European partners, including in homogeneous commodities is in euros, with no euro use on trade with other countries.
On balance, we conclude that Estonia, Hungary, and Slovenia have a greater tendency towards invoicing in euros than might be expected on the basis of trade with Europe being completely in euros and on the basis of the theoretical considerations that we have presented. These same countries, plus three others have dollar share in invoicing that are lower than predicted.
Concluding Remarks
This paper has considered the issue of invoicing of trade transactions by accession countries. Many accession countries have moved sharply away from the U.S. dollar as a currency for invoicing trade, reaching levels that appear low compared with both the role of the United States as a trading partner and the composition of accession country trade. Suboptimal invoicing exposes producers to lower expected profits.
According to the theoretical exposition, whether or not an accession country is well suited to the euro in export invoicing should depend on the partners in trade, the composition of trade, and the structure of shocks facing that exporter. If accession countries turn more toward the euro area as a destination markets for exports, then the role of the euro in invoicing may increase. However, potentially more important for this consideration is the composition of these products and the norms in invoicing by competitors to accession countries. At least in the case of commodity exports and highly substitutable goods, dollar invoicing on some trade may continue to be desirable even within the euro area. If exchange rates between accession country currencies and the euro are stabilized or fixed, and if exchange rates with the dollar covary positively with local shocks (so that the accession country currency or euro depreciate against the dollar when the accession country exporter faces high marginal costs), the model predicts greater use of dollars in invoicing euro area trade even as exchange rates are fixed with respect to the euro area. Alternatively, if exchange rates with the dollar covary negatively with local shocks (so that the accession country currency or the euro appreciates against the dollar when the accession country exporter faces high marginal costs), the model predicts a further movement away from accession country invoicing in dollars on euro area trade when exchange rates are fixed with respect to the euro area.
A broader question for the suitability of the euro for the trade invoicing of accession countries stems directly from the force of herding in a particular currency in the destination market for goods sold. This paper has often used the presumption that the U.S. dollar is the vehicle currency on pricing many international trade transactions, especially in highly substitutable goods. Evidence from a range of countries and a range of markets has supported such an assumption. An important consideration, though, is that the theoretical arguments, made in a partial equilibrium analysis, do not pin down which single currency-for example, dollars or euros or an alternative-will be selected by market participants for such herding.
While this herding has in recent decades been via the U.S. dollar, the stability of this equilibrium is important to consider. In particular, it would be useful to determine what types of shocks could lead to an unseating of the dollar in its vehicle currency role. In theoretical work, the answer to this question depends on what modeling assumptions are made in order to move from our partial equilibrium solution to a general equilibrium solution. The role of transaction costs in trading in different currencies might be the drivers of the equilibrium choice. This point was exposited by Swoboda (1968 Swoboda ( ,1969 , and then elegantly developed by Rey (2001) in a three-country general equilibrium model emphasizing that "thick market externalities" arise from a currency's large presence in global international trade and low transaction costs of exchange. Krugman (1980) importantly pointed to the presence of inertia in vehicle currency selection, arguing, as we have, that when a currency is established as the dominant one in a market, a particular firm has no incentive to invoice in an alternative currency as this would lead to higher transaction cost and more volatile sales because of movements in its price relative to its competitors'. Once a currency has acquired a prominent role, because of low transaction costs for instance, it may keep this role even if another currency with similarly low costs emerges.
The exclusive role of macroeconomic volatility considerations in invoicing have been emphasized in recent general equilibrium papers, as in by Bacchetta and vanWincoop (2005) , Devereux, Engel, and Storegaard (2004) , Oi, Otani, and Shirota (2004), and Engel (2005) . Yet, once a currency has been established as dominant in invoicing or as a vehicle currency and has lower transaction costs, the thick market externalities may make the conditions for overcoming the inertia difficult to satisfy.
Future theoretical work could bring these insights on transaction cost and volatility considerations together to yield predictions for the future optimality of invoicing in dollars, euros, or other currencies for exporters worldwide. Future work could also consider the conditions for segmented markets to arise in herding, perhaps leading to multiple dominant currencies in different subsets of industries or locations. 
Notes
1. While Bacchetta and van Wincoop discuss this herding motive in the case where the exchange rate is the only source of volatility, Goldberg and Tille also include volatility in wages and foreign demand. and Campa, Goldberg, and Gonzalez-Minguez (2005) show that macroeconomic volatility is less important than industry features in determining exchange rate pass through into import prices.
2. Small countries typically have low use of their own currencies in international trade transactions, as reported in Goldberg and Tille (2005) . The two accession countries that report this information, the Czech Republic and Latvia, use their home currency on invoicing less than 10 percent of their imports and exports.
3. Goldberg and Tille (2005) derive a similar set of intuitions for the case where the exporter is constrained to use a single currency, rather than a basket of currencies, in his optimal selection. The results are qualitatively the same.
4. If we were operating in an environment of increasing returns to scale, with abounded by negative 1 and zero, the role of X would be damped as the degree of scale economies in production rises. The effect of an increase in returns to scale, i.e., an a that is more negative, is an unambiguous reduction in the invoicing weight on herding.
5. This theoretical exposition has focused on invoice currency choice when prices are sticky over the invoicing interval. Of course, in some cases flexible prices may better match reality. In this case, our lessons still hold since there is a direct parallel between optimal invoice currency selection and observed levels of exchange rate pass through into traded goods prices (Goldberg and Tille 2005; and Engel 2005) . There is a direct correspondence between models of optimal invoice currency selection under sticky prices and those of partial exchange rate pass through in the case of flexible prices. 7. The data for the accession countries and Italy cover all exports, while the data for the other euro area countries cover extra-euro area exports only.
8. Appendix Table 1 provides the raw data on invoicing for euro area countries.
9. Another, more mundane explanation is that these results are purely due to translation effects from changes in the dollar-euro exchange rate between 2000 and 2002 
